Background The optimal surgical approach for multilevel cervical spondylotic myelopathy (CSM) has not been defined, and the relative merits of multilevel anterior cervical discectomy and fusion (ACDF) and anterior cervical corpectomy (2-level or skip 1-level corpectomy) and fusion (ACCF) remain controversial. However, few comparative studies have been conducted on these two surgical approaches. Methods This study retrospectively reviewed the case histories of 120 patients that underwent surgical treatment for 3-or 4-level CSM from July 2003 to June 2008. One hundred and twenty patients (81 male and 39 female) of mean age 58.3 ± 9.8 years (37-78) were included. The study compared perioperative parameters (blood loss, operation times), complications [surgery-related complications (CSF, hoarseness, epidural hematoma, C5-palsy, dysphagia), instrumentation and graft related complications (dislodgement, subsidence)], clinical parameters [Japanese Orthopedic Association (JOA) scores, Neck Dysfunciton Index (NDI) scores], and radiologic parameters (segmental lordosis, fusion rate). Results At a minimum of 2-year follow-up, both ACDF and ACCF groups demonstrated a significant increase in the JOA scores (preoperatively 9.25 ± 1.9 and 8.86 ± 1.9, postoperatively 13.86 ± 1.6 and 13.27 ± 1.8, respectively), segmental lordosis (preoperatively 9.79 ± 3.4 and 9.54 ± 3.0, postoperatively 17.75 ± 2.6 and 14.49 ± 2.5, respectively) and NDI scores (preoperatively 12.56 ± 3.0 and 12.21 ± 3.4, postoperatively 3.44 ± 1.7 and 5.68 ± 2.6, respectively). Six patients (2 dislodgement, 4 subsidence) in ACCF group had instrumentation and graft related-complications and they had no obvious neurological symptoms without a second operation. Blood loss (102.81 ± 51.3 and 149.05 ± 74, respectively, P = 0.000), NDI scores (P = 0.000), and instrumentation and graft related-complications (P = 0.032) were significantly lower in the ACDF group, whereas operation time (138.07 ± 30.9 and 125.08 ± 26.4, respectively, P = 0.021) and segmental lordosis (P = 0.000) were significantly greater in the ACDF group. Other parameters were not significantly different in the two groups. Conclusions Surgical managements of 3-or 4-level CSM by ACDF or ACCF showed no significant differences in terms of achieved clinical symptom improvements, with the exception of better postoperative NDI scores in ACDF. In addition, ACDF is better than ACCF in terms of blood loss, lordotic curvature improvement and instrumentation and graft related-complication rates, with the exception of operation times.
quality of life [1, 2] . Surgical treatment has been advocated for CSM by many authors, but the optimal surgical approach remains controversial. Anterior, posterior and combined anterior and posterior surgical approaches for patients with multilevel CSM all have been advocated [2, 3] .
The choice among anterior, posterior, or combined approaches for decompression of CSM is based primarily on (1) the location of compressive pathology, (2) the extent of the degenerative process (3) sagittal alignment of the cervical spine, (4) the presence of preoperative neck pain, (5) previous operations, and (6) the patient's age and overall medical conditions [1, 4, 5] . Generally, for patients with only 1 or 2-level CSM, the majority of surgeons prefer an anterior procedure [6, 7] . For patients with multiple levels, posterior procedure may be preferable if the alignment is not kyphotic [1, 4] . But some authors have reported the higher complication rates associated with posterior approach when comparing anterior and posterior approach for multiple levels of cervical fusions [8, 9] . Therefore, when compression primarily came from ventral of spinal cord, anterior procedure was recommended. Recently, anterior cervical corpectomy and fusion (ACCF) with titanium mesh cage (TMC) and anterior cervical plate fixation has become a widely used surgical procedure for the treatment of multilevel CSM [10] [11] [12] . Recent studies also showed that multilevel anterior cervical discectomy and fusion (ACDF) with plating is safe and effective for managing multilevel CSM [4, 13] . However, to date, there have been few studies that compare the clinical outcomes of these two techniques in treating multilevel CSM. Accordingly, the purpose of this study was to compare surgical parameters, complications, clinical and radiologic outcomes of 3-or 4-level ACDF with cage and 2-level or skip 1-level ACCF with TMC in multilevel CSM.
Materials and methods

Patient population
Between July 2003 and June 2008, a total of 158 consecutive patients underwent ACDF or ACCF (2-level corpectomy or skip 1-level corpectomy) for 3-or 4-level CSM. To compare the clinical outcomes of these two surgical options for the treatment of multilevel CSM, exclusion criteria were (1) developmental stenosis, (2) cervical ossification of the posterior longitudinal ligament (OPLL) in which the ligament ossification was not confined primarily to the disc space region and was continuous or extending extensively behind the vertebral body. This study included 120 patients (81 men and 39 women) who underwent anterior decompression and instrumented fusion. The mean age at operation was 58.3 ± 9.8 years, range from 37 to 78 years. Decompression was performed at C3-C6 in 44 cases, C4-C7 in 53 cases and C3-C7 in 23 cases.
According to the surgical procedures, these patients were divided into two groups, the ACDF group and the ACCF group. The ACDF group consisted of 57 patients (38 men and 19 women) with the mean age 58.74 ± 9.7 years (range from 37 to 77 years). The ACCF group consisted of 63 patients (43 men and 20 women) with the mean age 57.91 ± 10 years (range from 38 to 78 years) ( Table 1) .
Surgical technique
The operations were performed by the same senior surgeon. Anterior cervical corpectomy and discectomy were performed as described previously [1, 14, 15] . For the discectomy procedures, cages (Syncage, Synthes, Switzerland) and semi-constrained plating systems (Atlantis; Medtronic Sofamor Danek, Memphis, TN, USA, and Codman; Johnson, Raynham, MA, USA) were used. For the corpectomy procedures, TMC plus semi-constrained plating systems (Atlantis; Medtronic Sofamor Danek, Memphis, TN, USA, and Codman; Johnson, Raynham, MA, USA) were used. When CSM was at C3-C6 and C4-C7, 3-level ACDF with cage and plate fixation or 2-level ACCF with TMC and plate fixation was performed. When CSM was at C3-C7, 4-level ACDF with cage and plate fixation or skip 1-level ACCF (C4 and C6 corpectomy) with TMC and plate fixation was performed. In the ACDF group, 21 patients underwent ACDF at C3-C6, 25 patients at C4-C7 and 11 patients at C3-C7. In the ACCF group, 23 patients underwent ACCF at C3-C6 (C4 and C5 corpectomy), 28 patients at C4-C7 (C5 and C6 corpectomy) and 12 patients at C3-C7 (C4 and C6 corpectomy). After operation, all patients were given a Philadelphia collar for 6-8 weeks.
Collected data and outcome assessment
Collected data included age, gender, operative segments, intraoperative blood loss, operation time, complications (surgery related-complications: dural tear, hoarseness, epidural hematoma, C5-palsy, dysphagia; instrumentation or graft related-complications: instrumentation breakage, dislodgement, subsidence), and clinical and radiologic outcomes. The perioperative information was collected from anesthesia records. The Japanese Orthopaedic Association (JOA) scoring system was used to evaluate the neurological status, and Neck Dysfunction Index (NDI) scoring system was used to assess the neck function [16] .
Odom's grading system [poor, fair, good or excellent] was used to evaluate patients' satisfaction with the surgery [17] . Lateral, anterior-posterior (AP), flexion-extension cervical radiographs were taken before surgery, at within 1 week, 8 weeks, 6 months, 12 months and 24 months after surgery. Two dimension computerized tomography (CT) with sagittal and coronal reconstructions performed preoperatively was acquired to detect OPLL. Magnetic resonance imaging (MRI) was also routinely performed to evaluate the spinal cord compression preoperatively. The segmental lordosis was calculated by measuring the angle between the superior endplate of the upper most involved vertebra and the inferior endplate of the lower most involved vertebra on lateral radiographs (Fig. 1 ). Graft dislodgement was defined as graft beyond the leading edge of the upper and lower vertebral connection 2-4 mm on lateral radiographs. The graft subsidence was defined as loss of height of the fusion segments on lateral radiographs at day 1 after the surgery and at bony fusion. The incidence of dysphagia was defined as that solid or dry food gets stuck in the process of swallowing. A solid fusion was considered present if the following features were observed: (1) no motion across the fusion site on flexion-extension X-rays, (2) trabeculae across the fusion site, or (3) no lucency across the fusion site or around any of the screw sites. If the fusion was questionable, sagittal reconstructive computed tomography scans were performed. Clinical and radiologic outcomes were collected at admission and at outpatient clinic and reviewed by two senior spine surgeons and patients were observed for 24 months after surgery.
Statistical analysis
The radiologic outcomes between before and after operation were made using Wilcoxon Singed-rank test or paired t test. Values of P \ 0.05 were considered statistically significant.
Results
Surgical parameters
Patients in the ACDF group had less blood loss and longer operation time. The difference was statistically significant. No patient received any transfusion in either group. There was no significant difference in age, number of decompressed segments, or gender between the two groups ( Table 1) .
Complications A summary of complications is provided in Table 2 . There were no patients with iatrogenic neurological deterioration, or infections, nor were there tracheal, vascular, or esophageal injuries related to operation. Although surgery related-complications were not statistically different between the two groups (P = 0.694), complication rates of graft subsidence and graft dislodgement in the ACCF group were significantly higher than that in the ACDF group (P = 0.032). Hoarseness, C5-palsy, and dysphagia were transient symptoms and resolved within 2 months, except 1 case with graft dislodgement without reoperation had slight dysphagia. CSF leakage occurred after a dural tear during the operation due to tight adhesion. However, the tear was small and a drain was left for 12 h and then removed. In our experience, CSF leakage usually stopped after 3-5 days conservative treatment of local pressure. The patients who developed epidural hematoma recovered neurological function after emergency evacuations. There was no long-term neurological deficit. All patients were observed for at least 24 months. Two cases (3.2%) (at C3-C7) developed graft dislodgement and four cases (6.3%) developed graft subsidence within the first 4 months in the ACCF group. These patients had no severe symptoms and no further progression was demonstrated on follow-up radiographs. About 12 months postoperatively, CT scan revealed that bone grafts were fused. So, they refused to undergo surgery again. These patients are observed by us closely.
Clinical and radiologic outcomes
In terms of JOA scores, NDI scores and cervical lordosis of fusion segment, no significant intergroup difference was found preoperatively (Table 3) . However, mean JOA scores, NDI scores and cervical lordosis of fusion segment were statistically different between preoperation and postoperation in each group (Fig. 2) , mean postoperative NDI scores in the ACCF group is significantly higher compared There were statistically significant differences of JOA scores, VAS scores and segmental lordosis between before and after operation in two groups * P = 0.000, ** P = 0.000, P = 0.000, P = 0.000, § P = 0.000, à P = 0.000 Eur Spine J (2012) 21:474-481 477
to that in the ACDF group (P = 0.000). Mean postoperative segmental lordosis in the ACDF group is significantly higher than that in the ACCF group (P = 0.000) (Fig. 3) . Patients' satisfaction with the surgery was evaluated using Odom's criteria. 78.9% rated their level of satisfaction as excellent and good in the ACDF group, and this was not significantly different from 69.8% in the ACCF group (P = 0.240). Postoperative radiographs demonstrated that 95% fusion was achieved at 12 months and the solid fusion was achieved in all patients at 24 months after surgery.
Discussion
CSM is one of the most common progressive spinal cord disorders treated by spine surgeons, and the number of spinal fusions performed for CSM increased rapidly in the last few years [18] . Surgical decompression can alter the natural history of CSM and can change the prognosis of patients with CSM, and thus surgery is advocated for its management [19, 20] . Surgery aims to decompress the spinal cord and nerve roots, restore the height, reconstruct lordosis, and stabilize the spinal column to prevent further degeneration at the affected level [4] . Although the optimal surgical approach for multilevel CSM remains debatable and each approach has its unique advantages and disadvantages, the presence of anterior compression and kyphosis mandate an anterior surgical approach. An anterior approach not only allows direct decompression, but also can help restore the height of interbody space and reconstruct cervical lordosis as well with carefully intraoperative distraction. If the anterior compression is from disc or osteophytes, an anterior approach with either multilevel discectomy or corpectomy can decompress the neural elements directly. However, the relative merits of cervical fusion after multilevel discectomy Fig. 2 A 58-year-old male developed numbness and weakness in his four extremities for 2 years, together with unbalance gait for 2 months. Preoperative radiographs showed that the sagittal alignment of the cervical spine was kyphotic (a-d). He was performed with skip 1-level ACCF without surgery related-complications. After operation, his JOA scores improved from 9 preoperation to 13 postoperation. Postoperative lateral and flexion-extension cervical radiographs showed that the cervical kyphosis was corrected and the graft was fused (e-h) or corpectomy in multilevel CSM remain controversial. Oh et al. [21] studied 31 patients with 2-level CSM without OPLL that underwent an anterior surgical treatment. They found that ACDF was superior to ACCF in operation time, blood loss, and radiologic results. Hwang et al. [22] also reported that the absence of donor site complications, construct failures and shorter hospital stay make multilevel discectomy and cage fusion with plate fixation better than corpectomy and struct graft fusion with plate fixation in multilevel cervical degenerative disc disease. However, in these studies, the patient number was small and the patients with segmental OPLL were excluded. Little comparative data are available on these two surgical options in treating multilevel CSM with a large number of patients.
According to our retrospective review of 120 patients with 3-or 4-level CSM, the clinical outcomes showed no significant differences between the two groups which is similar to what previous studies found [21, 22] . Significant differences were observed between the two groups in blood loss, operation time, and lordotic curvature obtained. The blood loss was significantly higher in the ACCF group than that in the ACDF group, which is also similar to previous study's findings. However, the operation time was significant higher in the ACDF group than that in the ACCF group, which is in contrast to the study of Oh et al. [21] . We believed that this difference may be due to the patients with osteophyte at disc level and/or with segmental OPLL included in the study. Removing osteophyte at disc level from intervertebral space is technically more challenging and time consuming. In the present study, cervical lordosis of fusion segments was significantly increased in the two groups, but the increase was greater in the ACDF group than that in the ACCF group. Anterior approach allows the surgeon to distract and restore disc height, which can correct the in-buckling of the ligamentum flavum and restore alignment. Multilevel ACDF can provide multiple distraction points and therefore can restore lordosis more effectively than ACCF procedure. It may be that multilevel ACDF can restore alignment by pulling the involved vertebral bodies toward the lordotic ventral plate; but long corpectomy grafts may straighten the cervical spinal column between the remaining vertebral bodies. Inferior cervical lordosis improvement compared to the ACDF group may contribute to less impressive NDI scores in the ACCF group. In our study, we used internal fixation in all patients with multilevel CSM. Internal fixation after decompression and fusion maintains alignment, provides high intrinsic stability of the construct, and allows early functional recovery [23] . There are constrained, semi-constrained and non-constrained plating systems in instrumented fusion. Early anterior plating was constrained with locked bone screws that prevented construct motion, and this plating system shielded the bone graft from load bearing. Consequently, constrained plating systems did not exploit Wolff's Law to achieve fusion. In the current study, we used semi-constrained plates (Atlantis and Codman) to resolve this stress-shielding problem. These plates with variable-angle screws allowed rotational subsidence at the screw-plate interface. Semi-constrained plating systems maintained load-sharing and stiffness and likely contributed to the increased fusion rates across the disc spaces. All of our patients achieved bony fusion including graft dislodgement and subsidence.
Bone-and/or plate-related complications after multilevel corpectomies are very common [24] [25] [26] . Complications have been reported in high rates, even when internal fixation was used [27, 28] . Vaccaro et al. [29] found that the rates of graft/plate construct dislodgement in patients with a 3-level corpectomy and fusion (50%) were significantly higher than that in patients with a 2-level corpectomy and fusion (9%). Sasso et al. [30] also reported that a high failure rate (71%) in seven patients with graft-and/or plate-related complications after 3-level corpectomy reconstruction but a low failure rate (6%) after 2-level corpectomy reconstruction. In the present study, we used skip 1-level corpectomy instead of 3-level corpectomy and achieved lower failure rates in the ACCF group (9.5%) than previous reports. But the failure rates were still higher in the ACCF group than that in the ACDF group, especially in terms of graft dislodgement and subsidence. In instrumented multilevel corpectomies, the failure of constructs was due to pistoning of the graft. It was postulated that anterior plating might excessively load the graft in retroflexion [31, 32] . Stewart et al. also found that translational stability increased with a construct with multiple intermediate points of fixation [14] . Multilevel discectomy and fusion offer more fixation points to hold the construct rigidly in place, but corpectomy and strut grafts fusion provide only two points of fixation. The lack of fixation points may be the mechanism for the higher graft-and/or plate-related complication rates in the ACCF group than that in the ACDF group [29, 30] .
Conclusion
Based on the results of this study, surgical managements of 3-or 4-level CSM by ACDF or ACCF showed no significant differences in terms of achieved clinical symptom improvements, with the exception of better postoperative NDI scores in ACDF. In addition, ACDF is better than ACCF in terms of blood loss, lordotic curvature improvement and instrumentation and graft related-complication rates, with the exception of operation times.
